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A CHEMICAL SENSING SYSTEM 

c-vstem for measuring 
This invention relates to a system 
, . \\ ±n a tes t material and particularly relates to a 
chemicals in a test based 
system for .ensuring chemicals through use of array 

chemical sensors. er^riRs in 

It is known that measuring chemical species 

operational situations presents a problem of dealing with 

u nown interferes whicH ma y he present in 

The result of such unknown interferants is, wxth many known 
a «-„„d This renders such systems unsuitable for 
systems undefined. mis 

process critical applications. oreS ents 

v rhpmical species often presents. 

The measurement of chemicax h 

v, .k. analvtes which are of interest in diagnostic 
problems when the anaiytes wuj. h 

*. re i aHvelv low concentrations wnen 

situations are present in relatively 

^ <rhi<; often leads to impaired 

systems such as breath ■ ^ ^ vapour 

uhere the gases tend not only to oe 

out tend to be at temperatures above ambient. 

the secondary problem of condensation which can 

^^^rrrrprern-.entlon there Is provided a 

system for sensing chemicals, the system comprising: 

a sensor; a 
collecting means for collecting chemical species, 
removal means for removing the species and presenting 

t::: p :::i::;n and means to interpret the information 

"""tcording to a second aspect of the present invention 

•hoH * method for chemical sensing using a system 
there is provided a rnemuu 
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according to the first aspect of the present i 

AcrnrH , . present invention. 

According to a third aspect of fh„ 

".r. ls Providad . syste „ (or o i a i°* 2j:;:: n Lr ention 

a gas permeable means; 
a chemically absorbent material; 
sealing means for sealing the absorbent 
Preferably, the system further ™ 
identifying the sample. comprises means for 

Conveniently the means for identifying ^ 
comprises a bar code. identifying the sample 

Advantageously the system further 

reco^"^^ — — ™e s . patt6rn 

By means of the present invention test r-ho . 
P-sented to the entrapment means which 'means ChGmiCalS m 

absorbing the materials of interest , * ° f 

of the species if rM ■ „ rGSt ' ena bling preconcentration 

subsequent analysis " ' ^ ^ 'or 

The system further comprises means fnr 

•*«»« .. rl . llr or in Para s la th p r re r iveiy 

materials The <„ f t . ^ ueI the entrapped 

ais - lne information obtained -i o , 

-e response or the adjacent ch ^ , ^ 

subsequent analysis. sensing system for 

The response of the chemical sen*-,™ - x. 

the removal Procedure ae Scrib ea;;;r a ;rT s i a s na a 1 fun r ion 

information obtained on the test chemicals ' 
Advantageous!, the system according to th. 

:TT:::;;r:::: a 945 ™ e --»-..»-.« J™ 
— — -c:\;e~:r;r\:r n r iy r id 

restrained. analysed is 
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advantageously the gas permeable -*ane has a pore s> 
sufficiently smU to reta.n bacteria in the case of materials 
which are suspect to microbial degradation. 

L membrane further comprises a detector strip 
comprising a chemically absorbent material deposrted on a ga 

"permeable backing matrix. Further, the membrane comprises a 
means to provide a gas tight seal to the gas permeable 
of a sample restrainer and means to provide adhesron to the 

samole restrainer . 

The system further composes means to remove species ,„ 
the absorbent material for subsequent presentence to 

analytical means. . ^ pi -ppf 0r 

in a particular embodiment of the xnventxon a detector 
strip is adhered to a suitable point in a sample handling 

L such as the lid of a petri dish or sample vxal or 
conduit or mouthpiece for a breath sample. A detector strxp xs 
positioned over a permeable membrane window 

After appropriate exposure time the detector strip is 

H „nd olaced in a strip developer which removes the 
removed and placed m a _ h . pvpd 
materials absorbed on the detector strip. This may be achreved 
by beating, the strip and passing a suitable career gas over 

the strip to sweep the materials off. comprise s 

. i„ f he system rurunei r 

Conveniently. tne , Q . al . 

Q t-H^ removed material^) 
preconcentration means to concentrate the remo 

..w^ m the appropriate analytical 

before presenting them to tne a PP x v 

instrumentation. fnr( . hp . 
Embodiments of the invention will now be further 

described by way of example only with reference to 

accompanying drawings in which: serJ al 
Figure 1 is a schematic representation of a serial 

instrument suitable for forming part of a system according to 

the present invention; , , f 

Figure 2 is a semi-parallel instrument suitable for 

forming part of a system according to the present inventxon; 
Figure 3 is a parallel instrument; 

Figure 4 is a detailed example of use of the system 
according to the present invention; 
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Figure 5 is a schematic represents t i i™ * 
strip forming part of a rt* • PrSSentatlon of * detector 

y pare of a device accordina to t-h« 
invention; and he P re sent 

Figure 6 is a schematic representation „ 
according to the present invention. eS6ntatl ° n ° f * "^hod 
Referring to Figure 1, a system accordinQ 

invention designated generally by the referent PrSSent 
S v S {-p m ^ 7 y reterence numeral 1 Tho 

system comprises an entrapment ,ea„ s 2 used to ' ► 
materials in the test material m th „ capture 
-id samples the entrapmeht r^td"^ 
temperature ramp. This would have the effect of a t " * 

9 as phase concentration of chemical species "« 

absorb: mXTm """" 2 ° 0mPrlSe 3 »«" -de 

"traction mateAA ° . available solid phase 

oolumn or applied as I '"^ ^ " 3terial P "*« I int ° * 

to any other suitable ♦ '° ' " at Plat " ° r »^"ed 

/ wL-xiex suitable support Th^ =»k^^^w . 

at a constant temperatur^d 'thl e matll ^ 
or through the ab,nrh on ^ . material is passed over 

y 1 Lne aDsorbent material for- a p,- j 

Once the entrapment has been effected^ "l 
material is desorbed by desorption means Ke b 

onto a chemical sensor 4. A chemical 9 S " ePt 

Of gas sensors. T he desorption I e J/"^^ 1 "" " 
rate sueepi„ 9 the entrapment device be n eld c^.t "°" 
important to ensure th*f fha constant. it is 

e aesorption process are rpr.ino^ 
Processing. retained for subsequent 

The desorption process does not relv on , nh 
effect as in gas chromatography for exa m P Te ^ 

-dif ication of the concentrati ; n of t r::;; te u asa lm f ply t the 

°f the ir absorption onto the trap j n nrh function 

necessary to senarat. o , , h ^ W ° rds ifc is not 

y to separate out the individual components of th~ f- i- 
material completely. P S ° f fche test 

This process may take the form of stencil 
temperature* of t-u~ stepping up the 

Figure or I "^"P-nt device in stages as shown In 

Sure ,, or may be through of a CMtinuous temperature 
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ramp (not shown). 

The response of the chemical sensor 4 is monitored as a 
function of the desorption procedure. The two data sets 
relating to the desorption process and the response of the 
chemical sensor are passed to an information processing engine 
5 . 

The data processing engine 5 employs statistical 
techniques such as rank annihilation factor analysis and 
trilinear decomposition (RAFA, GRAM and TLD ) in order to obtain 
information from the combination of data from the desorption 
process and the chemical sensor. This enables analysis of the 
analytical data from the chemical sensor even in the presence 
of unknown chemical species (interference) and thus overcomes 
a serious problem with chemical sensors in applications where 
unknown materials may be encountered. 

Referring to Figure 2, a semi-parallel device according 
to the present invention is designated generally by the 
reference numeral 2. 

In the device 20, rather than having a single 
entrapment /absorption device as shown in Figure 1 , there is a 
plurality of entrapment devices 22 and absorption devices 24 
which are set to different conditions. The entrapment systems 
may be held at constant conditions or simultaneously desorbed 
and gated with a single sensor unit 22. This enables the 
measurements to be made more rapidly. A processing engine 26 
analyses the two sets of data from devices 22, 24. 

Referring to Figure 3 a fully parallel device is 
designated generally by the reference numeral 30. Here, not 
only are there a number of entrapment devices 31 and desorption 
devices 32 but there are also a number of chemical sensors 33. 
The entrapment devices may be held at constant conditions or 
simultaneously desorbed, for example if there are less chemical 
sensing units than entrapment devices then again the outputs 
will need to be gated with the common sensing units. This 
enables measurements to be made still more rapidly. 

The entrapment system 32 may be used in conditions where 
direct measurement may be difficult, in particular whilst 
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chara n ct bi0l r 9iCaI m *"°"™" t * " h «* ""densates or diffusion 

" 7 ' a ° £ * Patients breath or a biological 

culture may be made using an entrapment device ,a chemical 
Photograph) which may be protected bv , „» cnemical 
the o» = « k protected by a gas permeable membrane, 

the gases being absorbed into the material and presented for 
subseguent analysis. Presented for 

for use 6 '"" 1 " 9 ' 0 Fi9U " 5 ' ' det -^ -trip system suitable 

generallv h Tk * """"" *" Sh °"" " d —H-t- 

generally by the reference numeral 50 The „„„ t 

membrane si ■ , gas Permeable 

embrane 51 rs an integral part of a retainer wall enclosure 
which allows materials from the interna! environment 52 to pas" 
through. Thls raay be constructed osl fQr °P-" 

hie „ .embrane although any materia! capable 

prLert 9 " hilSt retainl "« the -guired mechanical 

Propertxes may be employed. This may be heated either directly 

-matures,. Th ese test materlalT l^L^^Z 

membrane and are absorbed into the e „ traniiAnf . 

uiiti entrapment system Tho 

s ."nriT'r may comprise for exa - pie a thick ^ 

1^ ^ standard chemical absorbent which may be printed onto the 
ao k al 55 The ^^^^^ system ^ ^ 

support a'" 9 material " " hlCh °" erS 3 -" able -chanical 

entrap \ " r " i * t " ,t to diffuse (preventing the 

en r p , frQm dra „ ing t ^ 9 

or II , ■ 9 materiil may be a -tallised material 

barrier to *"* m " erlal Pr ° V " ln9 « TO^te 

propertie '""^ " hilst the desired mechanic.! 

seal 54 t tT V / mPl01 ' ed - ™ e i- sealed by means of 

capab ! f ° f retai " er 56 ' ™* ««1 i- Preferabiy 

retainer „ ""^ the integrity of the 

retainer and rs resistant to gaseous diffusion 

membrane' ""^T'^ " "'^ t0 th « Permeable 

membrane providing a gas-tight seal and in the preferred 

It" 1 r n . be br0ke " * *» Ut " "» Sector 
from the restramer body without violating the integrity of the 
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membrane itself- adhe sive which is compatible 
The seal 54 comprises an adnesive ^ 



l. l _ rpct-rainer and the membrane such 
with the backing material, the restrainer an 
that the backing material is held in place and capable 
that the bac g ma terials within the restrainer 

J : s the membrane into the entrapment system 

are exchanged across uie <~f fhe 

ui thout violating the integrity of the contents o£ 

"^^Temperature ana the time of exposure will determine tbe 

degree of exchange. in the form of 

The device further comprises an identifier 

a bar code on the reverse side of the detector strip 

a bar code d Qf analysls ls 

Referring detector strip 61 is removed 

schematically =--^rated ^ ^ torn 

ST r^rVrion If a medical sticking piaster without 
violating the membrane or contents^ ^ 
X bar code on the reverse Sid o the - P ^ ^ ^ 

before further P--™ J £or example thermal desorption 
degassed by thermal means ^ using ^ ^ ^ ^ 

rpi: 9 ature rt of f t:e de e 9 ntrap:ent system resulting in the 

f he top surface of the defector strip forming 
impressing upon the top su ^ ^ ^ ^ 

^ by «. ba Se ^ *- ^ «. 

abSOrb ;L m :e:i:lermaterials are swept from the hood using an 

. r Th i s is effected by heating the 

appropriate carrier gas. T absorption to inte rnal 

mechanical par to the s preconccntrated us i„g ciro- 

surfaces. The sun-a^ 

£OCUSi T 9 he resultant material is then presented to appropriate 
analytical instrumentation. This taxes the form of a gas 
chromatograph/mass spectrometer instrument for example, 
detector strip is then output from the system. 
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The system may be adjusted to suih » 
analytical problem. This mav . \ Ult any Particular 

te — during the he aZ ; ro r s r: d s . by ™ th * 

wrapp ing techniques for example which 1 T* tSmperature 

ot cer tain Proportions of t ; e d ;;r ed ;~ s e the dLs ^ 
w^^ F ^ 4 ^^- description of a 

-e following steps are cLtd out ^ 

« ^h is ^J^^ -be 

:i t :;::r with — *~ — ™i:/rLt: 

The flow rate of the test oas i« 
and the duration of the procedure is ^""^iy 200 sec. 
The te m perature of the sorption tL/Yr^ 
The flow rate, duration and temperature V"™*""* Wc. 
the procedure This oh a . te, " Perature «e controlled during 

Cl inxs phase constitufpc *-u 
stage in which the test a,. ■ . StltUtes the Preconcentration 

2 Th k 9 15 traPPed ° n the so ^ent material 

2. The tube is then heated by an external H T^"" 1 " 

^int the^i *j^i\T:;:;zi~:r stabie at 
-ed to 3 nush :*:i:z:::::: s z:r: pi ° nitr °^ is — 

-sor syste* which . m Z7 n "ly^ ™ ^ - -e 
crystal oscillated sensors for example a d the" re '""^ 
«■>«* systen, is recorded and stored. ^ ° f the 

The sequence of steps 2 and 3 a h„, 
appropriate either until a predefined nu mb er f " t " 
carried out or until th» e number of steps have been 

deserted materials " deteCt "° f -ther 

The recorded responses of the senso, « 
^ Ste - carried out is then treated with a/a ^ ^ °' 
Processing algorithm. In the * " ^ ^P^ate data 

technique Drincinsl current emoodiment a standard 

q e ' Principal component analyses ( P nn ■ 

3i.pl, allows -Iti-di^ensional data to I" 
graphically in either two or three d im ensLs 
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CLAIMS 

1. A system for sensing chemicals, the system 
comprising 

a sensor; 

collecting means for collecting chemical species; 

removal means for removing the species from the 
collecting means and presenting them to the sensor; and 

interpretation means for interpreting the information 
obtained from the system. 

2. A method for chemical sensing using a system 
according to claim 1 . 

3. A system for obtaining chemicals from gaseous 
liquid or solid samples, the system comprising: 

a gas permeable means; 

a chemically absorbent material; 

sealing means for sealing the absorbent. 

4 . A system according to claim 1 or claim 3 further 

comprising means for identifying a chemical sample. 

5. A system according to claim 4, wherein the means 
for identifying the sample comprises a bar code. 

6. A system according to any one of claims 1 , 3, 4 or 
5, further comprising means for presenting samples to 
analytical means for subsequent analysis. 

7. A system according to any one of claims 1, 3, and 
4 to 7 , wherein the collecting means comprises means for 
entrapping a chemical species. 

8. A system according to claim 1, wherein the 
interpretation means comprises a pattern recognition algorithm. 



t» u mu m 
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9- A system according to any one of claims 1 and 3 to 

8, further comprising means for progressively removing either 
serially or in parallel the entrapped materials. 

10. A system according to any one of claims 1 an 3 to 

9, comprising a gas permeable membrane situated in a wall of a 
vessel, container or conduit. 

11- A system according to claim 10, wherein a gas 
permeable membrane has a pore size sufficiently small to retain 
bacteria . 

12. A system according to claim 10 or claim 11, wherein 
the membrane further comprises a detector strip comprising a 
chemically absorbent material deposited on a gas impermeable 
backing matrix. 

13. A system according to any one of claims 10 to 12, 
wherein the membrane further comprises a means to provide a 
gas-tight seal to the gas permeable membrane of a sample 
restrainer, and means to . provide adhesion to the sample 
restrainer. 

14. A system according to any one of claims 10 to 13, 
further comprising means to remove species in the absorbent 
material for subsequent presentation to analytical means. 
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